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Synthetic Biology
Outreach Toolkit
A complete, hands-on curriculum for bringing synthetic biology
into K-6 classrooms
9 ready-to-run lessons | Materials & cost sheet | Printable worksheets
[bookmark: _Int_kla3qQfu]Originally developed by UChicago Genehackers
Free to use and adapt; released into the public domain (CC0 1.0)
Credit is appreciated but not required.
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How to use this toolkit

This toolkit you’ll find on this page packages a complete synthetic-biology outreach program that Genehackers has already tested over two years of leading science demonstrations at local schools and fairs. We put this together so that any other student team, teacher, or community group can run it without starting from scratch. Everything here is free to copy, adapt, and rebrand.
What’s inside
1. [bookmark: _Int_9nOQASA5][bookmark: _Int_8Si3YLdX][bookmark: _Int_ZyeJUW3F]9 self-contained lessons, each with materials, costs, a facilitator script, debrief questions, extensions, and troubleshooting. The script is meant as a rough guide, and it is best if you use it to prepare but do not read off it directly during use.
1. [bookmark: _Int_TndoFNBx]A separate printable Worksheets & Handouts pack with every chart, card, and student sheet the lessons reference.
1. [bookmark: _Int_k2kIBCZq]A Materials & Cost spreadsheet that totals supplies per lesson and per session.
1. [bookmark: _Int_gGBcV5EQ]A one-page Lesson Menu for picking lessons at a glance.
Who these lessons are for
The lessons are written for grades 3-6, as that is the age range that Genehackers has been working with for the past few years. Both teachers and those with no teaching experience can use these lessons, though teachers with relevant background experience may choose to follow lesson plans less strictly. Most lessons need only inexpensive, portable materials so they can be brought directly into a classroom.
[bookmark: _Int_3RkcEbUF]How a typical visit runs
1. Open with Lesson 1 (the 10-minute intro) to set up DNA and synthetic biology and to surface students’ own problem ideas. You might choose to skip this lesson if you are revisiting a class/group you have already previously visited (i.e. the students have already been introduced to DNA and synthetic biology). 
1. [bookmark: _Int_bzHuFVFY]Before you start the activities, you may choose to give a local introduction to the topic of choice. E.g. if your topic is water filtration, and your town has a contaminated water supply, you may choose to include a few slides asking the children about where water filtration can become a problem, and then use the town’s problem as a case study to motivate the lesson. 
1. Run one or two hands-on lessons chosen from the menu to fit the grade level and time of your visit.
1. [bookmark: _Int_PfieboDp]Close with a short debrief that ties the activity back to real synthetic biology (or the specific example you’ve introduced in item 2). We've also supplied some questions you may prompt the class with.
Picking lessons: see the one-page Lesson Menu and the index table below. Lessons build on each other, but each can stand alone.
License
[bookmark: _Int_ZVgeCXxA]This toolkit is released under CC0 1.0: effectively the public domain. You may use, change, translate, and rebrand it freely, for any purpose, with no permission and no attribution required. If you find it useful, a mention of UChicago Genehackers is appreciated but not required. (Note: this is more permissive than the original iGEM wiki, which was CC-BY.)
The program model and four principles

This curriculum grew out of a simple commitment: young people in under-resourced classrooms deserve the same chance to question, test, and shape synthetic biology as anyone else. STEM has long been concentrated among students from wealthier communities, who tend to have more role models, richer courses, and more early, hands-on science. Bringing portable, story-driven synthetic biology directly into classrooms helps close that gap — and a more diverse set of future scientists makes the field itself stronger. Four principles steer the work:
1. Equity and enrichment
Focus on schools and programs where many students qualify for free or reduced-price lunch, and bring the experiments to them. Going into classrooms removes the travel, cost, and permission-slip barriers that often shut students out of university outreach.
2. Dialogue as design fuel
Start from students’ own questions (“Why is our tap water brown? Could bacteria clean the lake?”) and let those questions shape how each experiment is framed. The visit is a two-way exchange, not a lecture.
3. Hands-on inquiry
Every lesson involves something to build, extract, or debate. Active learning measurably outperforms lecturing, and a physical experience — spooling DNA, building a helix, pitching an engineered microbe — anchors abstract ideas in memory and gives students a story to retell.
4. Open resources
Slides, worksheets, and supply lists are free and adaptable, so the lessons keep circulating long after any single visit and can be picked up by other teams anywhere. This toolkit is that principle in practice.
Running a great session: facilitation and safety
Facilitation tips for grades 3-6
1. Keep groups small (2-4) so every student has a job and materials within reach.
1. Lead with the doing, then explain. Keep scientific background brief. Let students build or guess first; deliver the ‘why’ in the debrief while the experience is fresh.
1. [bookmark: _Int_3IkM5xAL]Use the students’ own examples from the intro as call-backs throughout the visit.
1. Match depth to grade: the same activity can stop at “genes are recipes” for grade 3 or reach codons and proteins for grade 6.
1. [bookmark: _Int_Ixdi7Hts]Have a little more material prepped than you think you need, and pre-cut or pre-portion anything fiddly to protect class time.
Safety checklist
1. Rubbing alcohol (isopropanol): flammable and not for tasting. Keep it away from heat, pre-measure it, and station an adult at the alcohol during the DNA extraction.
1. Scissors: use child-safe scissors and supervise cutting steps.
1. Food allergies: the candy DNA model and strawberry extraction involve food. Check allergies in advance, never have students eat lab materials, and use the bead/pipe-cleaner version of the helix when needed.
1. [bookmark: _Int_lfj8hPLq]“Polluted” water: it is only soil, coloring, and debris, but tell students explicitly never to taste any water, and have them wash their hands afterward.
1. [bookmark: _Int_KxpkdfVq]General: confirm the school’s own policies on food, materials, and photography before the visit.
Lesson index
[bookmark: _Int_IuJCwvtK][bookmark: _Int_sUyNVvor]All nine lessons are shown below, at a glance. They are ordered to build on one another, but each can be run on its own.
	#
	Lesson
	Grades
	Time
	Core idea

	1
	Intro: What Is Synthetic Biology? (and what is DNA?)
	3-6
	10-15 min
	What synthetic biology and DNA are

	2
	Build-a-DNA Double Helix
	3-6
	25-35 min
	DNA structure & base-pairing

	3
	Name-in-DNA Bracelets
	3-5
	25-35 min
	Codons: the 3-letter code

	4
	Strawberry DNA Extraction
	4-6
	30-40 min
	Seeing real DNA

	5
	Monster Genetics
	3-5
	30-40 min
	Genes → traits; editing by swap

	6
	CRISPR Cut-and-Paste
	5-6
	30-40 min
	Precise gene editing (CRISPR)

	7
	Engineer a Glowing Microbe
	3-6
	30-40 min
	Adding a gene for a new job

	8
	Clean Water: Detective, Biosensor & Filter Challenge
	5-6
	45-60 min
	Biosensors & design-build-test

	9
	[bookmark: _Int_XqlVFjEm]Design-a-Synbio-Solution (Capstone)
	4-6
	30-40 min
	Design with parts (capstone)


Lesson 1.  Intro: What Is Synthetic Biology? (and what is DNA?)
	Grade band
	Time
	Group size
	Est. cost / class

	Grades 3-6
	10-15 min
	Whole class
	$0



[bookmark: _Int_5EBAFPUJ]Objective.  Open every visit with a short, discussion-based introduction that gives students a working idea of DNA and synthetic biology before any hands-on activity.
The big idea.  Synthetic biology is genetic engineering: scientists read and rewrite DNA — the instruction code inside living things — and combine parts from different organisms to give cells useful new jobs.
MATERIALS
	Item
	Qty
	Est. cost
	Where to get it

	Intro slide deck (linked; see toolkit website)
	1
	$0
	Linked Google Slides

	Whiteboard or chart paper for student ideas
	1
	—
	On site


Cost figures are rough estimates for one class of ~20-30 (groups of 2-4) and vary by supplier; the Materials & Cost spreadsheet has the full breakdown.
PREP CHECKLIST
1. Load the intro slides and test the projector.
1. Have 3-4 real-world synthetic biology examples ready to name (see script).
1. Plan one sentence about who you are: students connect far better when a real young scientist is in the room.
HOW TO RUN IT (FACILITATOR SCRIPT)
[bookmark: _Int_QheSBRCx]0-3 min  Introduce yourselves as college students who do real biology research. Ask the room: “What do you picture when you hear the word scientist?” Let a few answers out, then note that scientists are all kinds of people, including people like them. This belonging moment matters more than any fact you will teach.
[bookmark: _Int_4Ve2HedL]3-7 min  What is DNA? Use the recipe-book analogy: DNA is the set of instructions inside every living thing, written with just four letters — A, T, C, and G. A gene is one recipe; it tells the body how to make a trait like eye color.
[bookmark: _Int_JV5JYuab][bookmark: _Int_tPTgG2VH]7-11 min  What is synthetic biology? It is genetic engineering — reading and rewriting that code, and even moving a recipe from one organism into another. Give vivid examples: bacteria engineered to eat plastic, medicine (like insulin) brewed inside yeast, lab-grown meat, and jellyfish glow genes put into other cells.
[bookmark: _Int_Y5WKG4Zl]11-15 min  Ask: “If you could give a living thing a new job, what problem would you solve?” Capture answers on the board. Return to these student ideas throughout the activities; they are your anchor points for the rest of the visit.
DEBRIEF QUESTIONS
Q: What are the four letters of the DNA code?
A: A, T, C, and G.
Q: In your own words, what do synthetic biologists do?
A: They read and rewrite DNA to give living things new abilities.
WHY THIS IS SYNTHETIC BIOLOGY
[bookmark: _Int_xSOukYRT]This is the framing module: every other lesson builds on the idea that DNA is a code we can read, write, and remix. Returning to students’ own problem ideas keeps the science anchored to things they care about.
EXTENSIONS
1. [bookmark: _Int_pqAdUM8p]Grades 3-4: stay on the recipe analogy and concrete examples; keep it visual.
1. [bookmark: _Int_1EuCl9GA]Grades 5-6: introduce that genes code for proteins, and proteins do the work in a cell — a natural bridge to later lessons.
TROUBLESHOOTING
1. Students freeze on “what does a scientist look like?” What to do: show a quick slide of scientists of many ages and backgrounds, including students.
1. Time runs short. What to do: the four DNA letters plus one real-world example is enough. Don’t rush the hands-on activity to finish the intro.
[bookmark: _Int_evoagSvu]WEBSITE CARD COPY
	For the toolkit website — drop-in blurb: A 10-minute, discussion-based opener that introduces DNA and synthetic biology using real-world examples kids recognize, then anchors the rest of the visit to a problem the students themselves want to solve.


Lesson 2.  Build-a-DNA Double Helix
	Grade band
	Time
	Group size
	Est. cost / class

	Grades 3-6
	25-35 min
	Individual or pairs
	$10-20



Objective.  Students build a base-paired double helix and discover the A-T / C-G pairing rule for themselves — the structure that makes copying and writing DNA possible.
The big idea.  DNA is a twisted ladder. Its rungs are pairs of bases that always match the same way: A with T, and C with G. That simple matching rule is how cells copy DNA and how scientists synthesize brand-new DNA.
MATERIALS
	Item
	Qty
	Est. cost
	Where to get it

	Backbone: 2 colors of licorice/Twizzlers (candy build) OR 2 pipe cleaners (reusable build)
	per student
	$0.40
	Grocery / craft store

	Bases: 4 colors of mini-marshmallows or gummies (candy) OR 4 bead colors (reusable)
	~16 / student
	$0.30
	Grocery / craft store

	Toothpicks or short skewers (rungs)
	~8 / student
	$0.05
	Grocery store

	Paper plate or napkin (work surface)
	1 / student
	$0.05
	Grocery store

	Base-Pairing Worksheet + color key (in Worksheets pack)
	1 / student
	$0
	Print


Cost figures are rough estimates for one class of ~20-30 (groups of 2-4) and vary by supplier; the Materials & Cost spreadsheet has the full breakdown.
PREP CHECKLIST
1. Choose candy or bead/pipe-cleaner version based on the school’s food-allergy and no-food policies. The bead version is allergy-safe and reusable.
1. Sort bases into 4 clearly different colors and assign each to A, T, C, or G (use the worksheet key).
1. Pre-cut licorice backbones if using candy; portion materials into cups per student.
HOW TO RUN IT (FACILITATOR SCRIPT)
0-4 min  Recall from the intro that DNA is a code of four letters. Ask: “But what does DNA actually look like?” Reveal the answer — a double helix, a twisted ladder — and show a picture.
4-8 min  Assign each base color (A, T, C, G) using the key. Have students lay out the two backbones (licorice or pipe cleaners) parallel on their plate — these are the two sides of the ladder.
8-14 min  Build the rungs. A student picks a base for one side, then must find the one base that fits opposite it. Guide them to the rule: A only pairs with T, and C only pairs with G. Push a toothpick through each pair to connect the backbones.
14-18 min  Once several rungs are built, gently twist the ladder into a helix. Have students compare models and confirm everyone followed the same pairing rule.
18-...  Connect to the big idea: because A always pairs with T and C with G, a cell can “unzip” the ladder and rebuild a perfect copy from each side. This same rule is how scientists read DNA and write new DNA from scratch.
DEBRIEF QUESTIONS
Q: What base pairs with A? With C?
A: A pairs with T; C pairs with G.
Q: If one strand reads A-T-C-G, what does the other strand read?
A: T-A-G-C (the complement).
Q: Why does base-pairing matter for copying DNA?
A: Each old strand acts as a template, so the matching rule rebuilds the missing half exactly.
WHY THIS IS SYNTHETIC BIOLOGY
Complementary base-pairing is the rule behind nearly every tool in synthetic biology; DNA synthesis, PCR, and sequencing all depend on A-T and C-G matching. Engineers are both reading and writing this code, one matched pair at a time.
EXTENSIONS
1. Model replication: have students “unzip” their helix and rebuild the missing strand from the pairing rule.
1. Bridge to codons: group the bases in threes and note that three letters spell one “word.” This is a direct lead-in to the Name-in-DNA Bracelets lesson.
TROUBLESHOOTING
1. Too many colors get confusing. What to do: use exactly four distinct, high-contrast colors and post the key where everyone can see it.
1. Candy is messy or against policy. What to do: switch to the bead-and-pipe-cleaner version (identical lesson, reusable, allergy-safe).
1. Younger students struggle with the helix twist. What to do: leave the ladder flat; the pairing rule is the goal, and the twist can be a bonus.
WEBSITE CARD COPY
	For the toolkit website — drop-in blurb: Students build a twisted-ladder DNA model from candy or beads and discover the A-T / C-G pairing rule themselves — the structure that lets DNA be copied and written. Near-zero cost, no prep beyond sorting colors, allergy-safe bead option included.


Lesson 3.  Name-in-DNA Bracelets
	Grade band
	Time
	Group size
	Est. cost / class

	Grades 3-5
	25-35 min
	Individual
	$15-25



Objective.  Students grasp codons (three-letter DNA “words”) by translating their own name into a colored bead code.
The big idea.  DNA is read three letters at a time. Each three-letter codon stands for one building block of a protein, just like every three beads on the bracelet stand for one letter of a name.
MATERIALS
	Item
	Qty
	Est. cost
	Where to get it

	Pre-cut twine or stretchy cord (~30 cm / student)
	1 / student
	$0.15
	Craft store

	Beads in 4 colors (mapped to A, T, C, G)
	~30 / student
	$0.40
	Craft store / bulk

	Laminated codon dictionary (letter → 3-color code)
	1 / pair
	$0
	Print (Worksheets pack)

	Scissors
	few to share
	—
	On site


Cost figures are rough estimates for one class of ~20-30 (groups of 2-4) and vary by supplier; the Materials & Cost spreadsheet has the full breakdown.
PREP CHECKLIST
1. Print and (ideally) laminate the codon dictionary from the Worksheets pack.
1. Pre-cut cord to ~30 cm and tie a starter stopper knot on one end of each to save class time.
1. Sort beads into the 4 assigned colors in shared cups.
HOW TO RUN IT (FACILITATOR SCRIPT)
0-3 min  Recall that DNA is read in three-letter chunks called codons. Tell students they will spell their name in this code and wear it.
3-6 min  Model cutting ~30 cm of cord and tying a simple stopper knot. (If pre-knotted, just demonstrate.)
6-12 min  Students choose a name (their own, a pet, a hero, etc.) and use the codon dictionary to write the bead sequence on scratch paper first. Each letter becomes three beads.
12-18 min  Students thread the beads in order and tie off the bracelet.
18-...  Swap bracelets with a partner and decode the hidden name using the dictionary. Point out that different bead sequences can spell the same letter. This is redundancy, and real DNA has it too.
DEBRIEF QUESTIONS
Q: How many beads represent one letter? How many DNA bases make one codon?
A: Three beads per letter; three bases per codon.
Q: Does the message still make sense if you swap one bead?
A: Sometimes. A change is called a mutation; some mutations change the meaning, some don’t.
Q: Can you read your bracelet backwards and get the same name? Can DNA be read backwards?
A: No. DNA is read in one direction (5’ to 3’) to make the right protein.
WHY THIS IS SYNTHETIC BIOLOGY
Codons are the link between DNA and proteins: three bases spell one amino acid, and a string of amino acids folds into a protein that does a job. Engineers rewrite codons to change what a cell builds.
EXTENSIONS
1. Introduce a “mutation”: have a partner swap one bead and decode the new word. Did the meaning change?
1. Grades 5: connect to the redundancy of the real genetic code (multiple codons for one amino acid).
TROUBLESHOOTING
1. Threading is slow or frustrating. What to do: pre-knot one end and use larger beads with stretchy cord.
1. Students mix up the color-to-letter mapping. What to do: give each pair its own dictionary and keep a large version posted.
1. Beads spill everywhere. What to do: portion beads into per-table cups and keep spares aside.
WEBSITE CARD COPY
	For the toolkit website — drop-in blurb: Students translate their name into a three-bead-per-letter code and wear it — a hands-on, take-home introduction to codons, the three-letter “words” of DNA. Includes a ready-to-print codon dictionary.


Lesson 4.  Strawberry DNA Extraction
	Grade band
	Time
	Group size
	Est. cost / class

	Grades 4-6
	30-40 min
	Pairs or small groups
	$15-20



Objective.  Demystify DNA by letting students extract and see real DNA from strawberries. No microscope required!
The big idea.  DNA isn’t imaginary or only on a screen. With soap, salt, and alcohol you can pull real, visible DNA out of cells. In the lab, you have to get DNA out before you can ever read or engineer it.
MATERIALS
	Item
	Qty
	Est. cost
	Where to get it

	Fresh strawberries
	1 / group
	$0.40
	Grocery store

	Resealable sandwich bags
	1 / group
	$0.05
	Grocery store

	Dish soap
	2 tsp / group
	$0.05
	Grocery store

	Table salt
	1 tsp / group
	$0.02
	Grocery store

	Cold isopropanol (rubbing alcohol), 70%+
	~50 mL / group
	$0.30
	Pharmacy

	Coffee filters, clear plastic cups, coffee stirrers
	1 set / group
	$0.30
	Grocery store

	DNA Extraction Worksheet (in Worksheets pack)
	1 / student
	$0
	Print


Cost figures are rough estimates for one class of ~20-30 (groups of 3-4) and vary by supplier; the Materials & Cost spreadsheet has the full breakdown.
PREP CHECKLIST
1. Chill the isopropanol beforehand. Cold alcohol makes far more DNA precipitate.
1. Pre-mix is optional; groups can make their own buffer (½ cup water + 2 tsp dish soap + 1 tsp salt).
1. Set up a SAFETY station: alcohol is flammable and not for tasting; keep it away from any heat.
HOW TO RUN IT (FACILITATOR SCRIPT)
0-4 min  Ask: “Where is DNA, and have you ever seen it?” Set the goal: today we pull visible DNA out of a strawberry (strawberries have lots, which is why we use them).
4-8 min  Mechanical lysis: de-leaf the strawberry, seal it in the bag, and mash for ~2 minutes. Explain that breaking cells open is called lysing.
8-12 min  Chemical lysis: add the soap-and-salt buffer to the bag and gently mix. Discuss... soap breaks apart the fatty cell membranes; salt helps free the DNA from proteins.
12-16 min  Filter the slurry through a coffee filter into a clear cup to remove pulp.
16-22 min  Slowly pour cold isopropanol down the side of the cup (do not stir). Within seconds a white, cloudy layer appears. That is DNA. Spool it onto a coffee stirrer.
22-...  Debrief why alcohol works: DNA doesn’t dissolve in alcohol, so it clumps and becomes visible.
DEBRIEF QUESTIONS
Q: Why do we use dish soap?
A: Cell membranes are made of fat (lipids), and soap breaks down fats, thus opening the cells.
Q: Why add salt?
A: Salt helps separate DNA from the proteins it’s wrapped around.
Q: Why does the alcohol make DNA appear?
[bookmark: _Int_NdsgYz2E][bookmark: _Int_b40locaS]A: DNA can’t dissolve in alcohol, so it precipitates (that is, clumps together) and becomes visible.
WHY THIS IS SYNTHETIC BIOLOGY
[bookmark: _Int_FLotCH4O]Every synthetic-biology project starts by getting DNA out of cells so it can be read, copied, and rewritten. This lab is the first step of that real workflow, done with kitchen materials.
EXTENSIONS
1. Compare DNA yield from other produce (banana, kiwi, peas) — which gives the most?
1. [bookmark: _Int_XlQcNUq7]Grades 6: discuss why strawberries (which are octoploid, meaning 8 copies of each chromosome) give so much DNA.
TROUBLESHOOTING
1. Little or no DNA appears. What to do: use colder alcohol, mash more thoroughly, and pour the alcohol slowly without mixing.
1. Worried about alcohol safety. What to do: station an adult at the alcohol, pre-measure it, and remind students never to taste anything.
1. [bookmark: _Int_jgmMqYHo]Filtering is slow. What to do: gently squeeze the filter; don’t overfill it.
WEBSITE CARD COPY
	For the toolkit website — drop-in blurb: Students extract real, visible DNA from a strawberry using soap, salt, and rubbing alcohol — the same first step every genetic engineer takes. Kitchen-cost materials; printable observation worksheet included.


Lesson 5.  Monster Genetics
	Grade band
	Time
	Group size
	Est. cost / class

	Grades 3-5
	30-40 min
	Individual + pairs
	$510



[bookmark: _Int_oPpI3BLS]Objective.  Students see how a DNA sequence (genotype) determines an organism’s traits (phenotype), then change the DNA to change the creature.
The big idea.  Genes are recipes for traits. Read the recipe and you can predict the monster; change the recipe and you change the monster. That is exactly what synthetic biologists do to real organisms.
MATERIALS
	Item
	Qty
	Est. cost
	Where to get it

	Printed “gene sequence” recipe cards (in Worksheets pack)
	1 / student
	$0
	Print

	Trait cheat-sheet (sequence → trait key)
	1 / pair
	$0
	Print

	Monster body-part cutouts + monster template
	1 set / student
	$0.15
	Print

	Scissors, glue sticks, crayons/markers
	shared
	$0.10
	On site / craft store


Cost figures are rough estimates for one class of ~20-30 (groups of 2-4) and vary by supplier; the Materials & Cost spreadsheet has the full breakdown.
PREP CHECKLIST
1. Print the gene-sequence cards, the trait cheat-sheet, and the monster templates from the Worksheets pack.
1. Pre-sort body-part cutouts if using paper pieces; otherwise students draw to the recipe.
1. Have glue and scissors at each table.
HOW TO RUN IT (FACILITATOR SCRIPT)
0-4 min  Recap: a long stretch of DNA codes for a protein, which codes for a trait. So, genes are like recipes for how a living thing looks.
4-8 min  Hand each student a gene-sequence card. Using the trait cheat-sheet, they decode what their monster looks like: fur color, eye color, horn size, teeth, tail.
8-16 min  Students build or draw their monster to match the recipe. Genotype becomes phenotype.
16-22 min  Round 2 (the synbio twist): find a partner, choose one gene to swap (say, eye color), cut that gene out of your sequence, trade, and glue in the new gene. Redraw that trait... you now have a new monster!
22-...  Connect: swapping a gene is like a real gene edit. Adding or removing genes changes a living thing’s traits and even its abilities.
DEBRIEF QUESTIONS
Q: Where did your monster’s traits come from?
A: From its gene sequence — the DNA recipe.
Q: What happened when you swapped a gene with your partner?
A: That single trait changed, while the rest stayed the same.
Q: How is this like what scientists do?
A: Scientists change specific genes to give plants, animals, and bacteria new traits or jobs.
WHY THIS IS SYNTHETIC BIOLOGY
This is the genotype-to-phenotype idea at the heart of genetic engineering, and the gene-swap previews precise editing (the CRISPR lesson) and adding genes from other organisms (the glowing-microbe lesson).
EXTENSIONS
1. Add a “dominant/recessive” rule for two-gene traits (grades 5).
1. Discuss real examples: neon-glow zebrafish, hornless cattle, disease-resistant crops.
TROUBLESHOOTING
1. Decoding the cheat-sheet is slow. What to do: use short sequences and a clearly laid-out key; pair stronger and newer readers.
1. Cutting and gluing eats the clock. What to do: let students simply draw the swapped trait instead of cutting paper.
WEBSITE CARD COPY
	For the toolkit website — drop-in blurb: Students decode a DNA “recipe” into a custom monster, then swap a gene with a partner to transform it — a hands-on path from genotype to phenotype that sets up gene editing. Printable recipe cards and templates included.


Lesson 6.  CRISPR Cut-and-Paste
	Grade band
	Time
	Group size
	Est. cost / class

	Grades 5-6
	30-40 min
	Individual + pairs
	$2-5



Objective.  Students act as the Cas9 “molecular scissors,” using a guide to find a target DNA sequence, cut it out, and paste in a new one, thus modeling how modern gene editing works.
The big idea.  CRISPR is a precise find-and-replace for DNA. A guide leads the Cas9 scissors to one exact sequence, where it cuts so a new sequence can be pasted in, allowing you to change a single trait without touching the rest of the genome.
MATERIALS
	Item
	Qty
	Est. cost
	Where to get it

	Printed DNA “strips” (long A/T/C/G sequences in codon blocks)
	1 / student
	$0
	Print (Worksheets pack)

	Guide-RNA cards (show the target sequence to find)
	1 / student
	$0
	Print

	“Edit menu” strips (replacement sequences) + trait key
	1 set / table
	$0
	Print

	Scissors and tape
	shared
	$2
	On site

	CRISPR worksheet
	1 / student
	$0
	Print


Cost figures are rough estimates for one class of ~20-30 (groups of 2-4) and vary by supplier; the Materials & Cost spreadsheet has the full breakdown.
PREP CHECKLIST
1. Print DNA strips, guide-RNA cards, the edit menu, and the trait key from the Worksheets pack.
1. For younger or first-time groups, lightly highlight the target sequence on each strip in advance.
1. Keep replacement strips and tape at each table.
HOW TO RUN IT (FACILITATOR SCRIPT)
0-4 min  Recall Monster Genetics: changing a gene changes a trait. Introduce CRISPR as “find-and-replace for DNA.” Cas9 is the scissors, and a guide RNA is the search term that tells it exactly where to cut.
4-8 min  Give each student a DNA strip and a guide-RNA card. The guide shows a short target sequence (for example, GAT-TAC). Students scan their strip to find the one spot that matches.
8-14 min  The cut: students use scissors to cut out the matching target sequence; only that spot, because the guide matched only there.
14-18 min  The paste: students choose a replacement sequence from the edit menu and tape it into the gap. Then they look up the new trait on the trait key. The edit changed the organism.
18-...  Pair up to compare edits, then discuss precision and what could go wrong if two spots on the strip happened to match the same guide (off-target edits).
DEBRIEF QUESTIONS
Q: Why does Cas9 need a guide?
A: So it cuts only the right spot. The guide is what gives CRISPR its precision.
Q: What could happen if two places matched the guide?
A: Both might get cut — an off-target edit, which is a real challenge scientists work to avoid.
Q: After editing, is this a brand-new organism?
A: No. It’s the same organism with one gene changed, unlike combining two whole organisms.
WHY THIS IS SYNTHETIC BIOLOGY
CRISPR is the most widely used tool for writing DNA today, used in sickle-cell therapies, pest control, and crop improvement. We’ve mentored Biobuilder teams that built CRISPR-based sensors, showing this is a technique that runs from this classroom to the cutting edge.
EXTENSIONS
1. Add a “PAM” rule: Cas9 can only cut next to a specific short signal. Students must find a target that also has the signal beside it.
1. Let students design their own edit and predict the trait change before checking the key.
TROUBLESHOOTING
1. Students can’t find the target. What to do: shorten the sequences and pre-highlight the target for first attempts.
1. The cut-and-tape gets messy. What to do: use wider strips and pre-torn tape pieces; model one example on the board first.
1. “Why not just cut anywhere?” What to do: reinforce that the whole point of CRISPR is precision. The guide is what prevents random cuts.
WEBSITE CARD COPY
	For the toolkit website — drop-in blurb: Students become the CRISPR “molecular scissors,” using a guide to find one exact DNA sequence, cutting it, and pasting in a new one to change a trait. A paper-and-scissors model of real gene editing, for pennies a class.


Lesson 7.  Engineer a Glowing Microbe
	Grade band
	Time
	Group size
	Est. cost / class

	Grades 3-6
	30-40 min
	Individual or pairs
	$10-15



Objective.  Students “insert” a jellyfish glow gene into a paper microbe and design a second function for it, learning that adding a gene from one organism gives another a new ability.
The big idea.  A gene from one living thing can be moved into another to give it a brand-new job. The real green-glow gene (GFP) comes from a jellyfish, and scientists put it into bacteria, plants, and fish to make them glow (and to make medicines, sensors, and materials.)
MATERIALS
	Item
	Qty
	Est. cost
	Where to get it

	Paper-plate or printed “microbe” template
	1 / student
	$0.05
	Print / grocery

	Printed “GFP gene” strips + gene-function menu
	1 set / student
	$0
	Print (Worksheets pack)

	Glow-in-the-dark markers, paint pens, or glow stickers
	shared
	$0.40
	Craft store

	Glue, scissors
	shared
	$0.10
	On site

	UV flashlight for the reveal (optional, one-time)
	1–2 / class
	$8 once
	Online

	Glow-Microbe Design Sheet
	1 / student
	$0
	Print


Cost figures are rough estimates for one class of ~20-30 (groups of 2-4) and vary by supplier; the Materials & Cost spreadsheet has the full breakdown.
PREP CHECKLIST
1. Print microbe templates, GFP gene strips, and the gene-function menu from the Worksheets pack.
1. Test the glow markers/stickers; if no UV light, glow-in-the-dark stickers charged under room lights work fine.
1. Keep the gene-function menu short for younger grades (3-4 options).
HOW TO RUN IT (FACILITATOR SCRIPT)
0-4 min  Recall that genes code for traits. Tell the real story: GFP, the green fluorescent protein, comes from a jellyfish, and putting its gene into other cells makes them glow (a discovery so important it won a Nobel Prize!).
4-8 min  Each student “transforms” a paper microbe by gluing in the GFP gene strip (inserting the gene) and decorating with glow markers or stickers. The microbe now glows.
8-14 min  Design challenge: pick a second gene from the menu to give the microbe a useful job: “eats plastic,” “senses arsenic,” “makes medicine,” “smells like banana,” etc... Students name their microbe and draw what it does.
14-18 min  Gallery walk. Or, if you brought a UV light, dim the room for a glow reveal. Each student presents their engineered microbe and its job.
18-...  Discuss real engineered microbes: bacteria that brew insulin, biosensors that detect pollutants, glowing zebrafish used in research.
DEBRIEF QUESTIONS
Q: Where did the glow gene come from?
A: A jellyfish. Scientists moved its gene into another organism.
Q: What new thing does the microbe make now?
A: A new protein (GFP) that glows.
Q: What job did you give your microbe, and why is it useful?
A: Student answers. Reinforce that adding a gene adds an ability.
WHY THIS IS SYNTHETIC BIOLOGY
Inserting a gene to give a cell a new function is the core move of synthetic biology; it’s how we make insulin-producing bacteria, living biosensors, and engineered materials. This lesson reuses the neon-jellyfish idea from the intro and makes it hands-on.
EXTENSIONS
1. Introduce promoters: add an “on-switch” so the microbe only glows under a condition (near sugar, in the dark). This can be a bridge to the biosensor idea.
1. Connect to the Clean Water lesson’s arsenic biosensor: same logic, different output.
TROUBLESHOOTING
1. No UV light available. What to do: use glow-in-the-dark stickers charged under classroom lights. The reveal should still work.
1. Too many gene options overwhelm young students. What to do: offer just 3-4 picture-based choices.
1. Glue/markers slow things down. What to do: pre-cut the gene strips and use stickers instead of paint for the youngest grades.
WEBSITE CARD COPY
	For the toolkit website — drop-in blurb: Students engineer a paper microbe by inserting a real jellyfish glow gene, then design a second job for it, learning how moving a gene gives a cell a new ability. Optional UV-light glow reveal; allergy- and budget-friendly.


Lesson 8.  Clean Water: Detective, Biosensor & Filter Challenge
	Grade band
	Time
	Group size
	Est. cost / class

	Grades 5-6
	45-60 min (modular: run 1-3 parts)
	Small groups
	$15-25



Objective.  Connect synthetic biology to a real issue (and possibly local issue) — water quality — through a contamination discussion, a biosensor design demo, and a build-test-iterate filter challenge.
The big idea.  Synthetic biology can both detect and help solve real problems. Students reason about what makes water unsafe, see how an engineered biosensor can sense a specific toxin, and then engineer and test a filter, living the full design-build-test-learn cycle.
	Modular: this lesson has three independent parts (A, B, C). Run all three for the full arc, or any single part for a shorter visit.


MATERIALS
	Item
	Qty
	Est. cost
	Where to get it

	Contamination photo cards / slides (Part A)
	1 set
	$0
	Linked slides / Worksheets pack

	Simplified biosensor diagram (Part B)
	1 / group
	$0
	Print

	Pre-cut 2-liter bottles (Part C)
	1 / group
	$0
	Recycled

	Filter media: coffee filters, cotton balls, activated charcoal, sand, gravel, rocks, etc.
	shared
	$8
	Grocery / hardware / nature

	“Polluted water” (water + soil, a little food coloring, bits of debris)
	~1 cup / group
	$1
	Made on site

	Spoons, clear cups, Water-Filter Worksheet
	1 set / group
	$0.30
	On site / print


Cost figures are rough estimates for one class of ~20-30 (groups of 2-4) and vary by supplier; the Materials & Cost spreadsheet has the full breakdown.
PREP CHECKLIST
1. Decide which parts to run (each can stand alone). The full arc is the richest; any single part fits a shorter visit.
1. Pre-cut the 2-liter bottles (adult task) and mix the “polluted water” before class.
1. SAFETY: students never taste the water, and the “pollution” is just soil and coloring. (Say so explicitly.)
HOW TO RUN IT
Part A · Groundwater Detective (5-15 min)  Using photo cards, facilitate a discussion of natural vs. human sources of water contamination (animal waste, algae, floods; sewage, fertilizer, oil, acid rain). Each table brainstorms local examples and ranks them by risk, then compares lists. Tie to Chicago issues like Lake Michigan and lead pipes.
Part B · Design-a-Biosensor demo (10-15 min)  Walk through a simplified plasmid diagram of an arsenic biosensor: an arsenic-sensitive promoter turns a gene ON only when arsenic is present, so the signal grows in proportion to the toxin. Introduce the parts gently: promoter (on-switch), a sensing protein, and an output you can count. Ask where else such a sensor could help (lead in pipes, microplastics).
Part C · Water-Filter Challenge (20-30 min)  Each group designs a filter from the available media inside an inverted 2-liter-bottle funnel. They observe and sketch the polluted water, predict, build, pour a fixed volume, and time and judge the result. Then they iterate with new media combinations and present: what they used, why, and whose filtrate is cleanest.
DEBRIEF QUESTIONS
Q: What’s the difference between natural and human contamination?
A: Natural comes from the environment (algae, animal waste); human comes from our activity (sewage, fertilizer, oil).
Q: How does the biosensor “know” arsenic is present?
A: An arsenic-sensitive switch turns a gene on only when arsenic is there, so more signal means more arsenic.
Q: Which filter worked best, and what would you change?
A: Group answers. Reinforce design-build-test-learn and trade-offs (speed vs. clarity).
WHY THIS IS SYNTHETIC BIOLOGY
This module shows the full spectrum of synthetic biology — sensing a problem (biosensor) and solving it (engineering a filter) — and ties directly to real iGEM work, including arsenic-detection projects. It is a clear link between the curriculum and the kind of research iGEM teams actually do.
EXTENSIONS
1. Give groups a “budget” for filter media so they must justify cost vs. performance.
1. Connect Part B to the Glowing-Microbe lesson: the biosensor’s output could be a glow instead of a count.
TROUBLESHOOTING
1. The biosensor diagram is too abstract. What to do: focus on the on-switch idea (“it only turns on when the toxin is there”) and skip the protein names for younger groups.
1. Filters overflow or clog. What to do: don’t pour above the filter media; use a slower pour and a coffee filter as the base layer.
1. Limited time. What to do: run only Part A + Part C, or only the filter challenge. As mentioned before, each can work on its own.
WEBSITE CARD COPY
	For the toolkit website — drop-in blurb: A modular clean-water unit: students debate real contamination sources, see how an engineered biosensor detects a specific toxin, then design, test, and improve their own water filter. Connects synthetic biology to a local issue and to real iGEM research; run one part or all three.


Lesson 9.  Design-a-Synbio-Solution (Capstone)
	Grade band
	Time
	Group size
	Est. cost / class

	Grades 4-6
	30-40 min
	Small groups
	$2-5



Objective.  Students synthesize the whole curriculum: choose a real problem, combine biological “parts” (a chassis, a sensor, and an output), and pitch an engineered organism — the way synthetic biologists and iGEM teams actually work.
[bookmark: _Int_iQN914Ts]The big idea.  Engineers build with standard parts. A synthetic-biology design is a chassis organism plus a sensor (input) plus a response (output). Pick the parts that solve your problem, sketch it, and pitch it. Then ask what you’d test next.
MATERIALS
	Item
	Qty
	Est. cost
	Where to get it

	Parts cards: Chassis (E. coli, yeast, algae)
	1 deck / group
	$0
	Print (Worksheets pack)

	Parts cards: Sensors/Inputs (senses arsenic, sugar, light, temperature)
	1 deck / group
	$0
	Print

	Parts cards: Outputs (glows, changes color, makes medicine, eats plastic, makes a smell)
	1 deck / group
	$0
	Print

	Problem-prompt cards (dirty water, oil spill, food allergy, plastic waste, disease)
	1 deck / class
	$0
	Print

	Design worksheet
	1 / group
	$0
	Print

	Lamination (optional, for reuse)
	—
	$2
	Optional


Cost figures are rough estimates for one class of ~20-30 (groups of 2-4) and vary by supplier; the Materials & Cost spreadsheet has the full breakdown.
PREP CHECKLIST
1. [bookmark: _Int_hE8N1qAb]Print and optionally laminate the parts decks, problem cards, and design worksheets from the Worksheets pack.
1. For younger groups, pre-select the chassis so students focus on sensor + output.
1. Have sentence-starters ready for the pitch (“Our organism senses ___ and responds by ___”).
HOW TO RUN IT (FACILITATOR SCRIPT)
0-4 min  Recap the toolkit: we learned to read DNA, edit it (CRISPR), and add genes (glow). Now students become the engineer. Introduce the framework: chassis + sensor + output.
4-8 min  Each group draws a problem card. For example, “a village’s water might contain arsenic.”
8-16 min  Groups choose parts cards to design an organism that addresses the problem: pick a chassis, a sensor (input), and an output (response). They sketch the organism and how it works on the worksheet, and name it.
16-22 min  Each group pitches their design in 30-60 seconds: the problem, their organism, and how it senses and responds. The class offers one “what would you test next?” (the learn step of the cycle).
22-...  Wrap: this is exactly what synthetic biologists and iGEM teams do, including designing biosensors like the arsenic detector from the Clean Water lesson.
DEBRIEF QUESTIONS
Q: What are the three parts of your design?
A: A chassis, a sensor (input), and an output (response).
Q: How would you test whether it works?
A: Group answers. Introduces the design-build-test-learn cycle.
Q: What’s one limitation or risk of your design?
A: Group answers. Builds an engineering mindset about trade-offs and safety.
WHY THIS IS SYNTHETIC BIOLOGY
The capstone makes the curriculum’s through-line explicit: synthetic biology is engineering with standard parts and an iterative design cycle. It mirrors a real iGEM project from problem to pitch, and sends students off seeing themselves as designers of biology.
EXTENSIONS
1. Add a containment/safety requirement (“how do you keep it from spreading?”).
1. Add cost or feasibility constraints and have the class vote on the most practical design.
TROUBLESHOOTING
1. Too many choices stall younger groups. What to do: pre-select the chassis and limit each deck to 3-4 cards.
1. Pitches drift or run long. What to do: use the sentence-starter and a 60-second timer.
1. Groups copy each other. What to do: hand out different problem cards to neighboring groups.
WEBSITE CARD COPY
	For the toolkit website — drop-in blurb: A capstone design challenge: students pick a real problem, combine biological “parts” (chassis + sensor + output), and pitch their own engineered organism, running the same design-build-test-learn cycle as a real iGEM team. Reusable printed card decks; near-zero cost.


Sharing, adapting, and tracking use

This toolkit is meant to travel. Here is how to make it easy for others to adopt and how to keep a simple record of where it goes.
For adopters
1. Use any part of it (one lesson or all nine) and change anything: swap materials, retranslate it, put your own logo on the cover. No permission needed.
1. The facilitator scripts are the most valuable part: they capture what actually works in front of a class, including the pitfalls. Read them before your first run.
1. Start with the one-page Lesson Menu to pick what fits your grade level and time.
For the originating team
1. Host the files on a simple landing page and use views or download counts (rather than required sign-ups) to track popularity of each lesson. Keeping these lessons free and without required sign-ups keeps the barrier to adoption at zero.
1. Invite adopters to share a quick note of where and how they used it; even informal replies help you count sites and students reached.
1. Each lesson’s “website card copy” is ready to paste onto a webpage, so the site can go up quickly.
Credits. Originally developed by UChicago Genehackers. Released under CC0 1.0 (public domain). Built from a classroom outreach program on Chicago’s South Side and adapted for general use.
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